Development of drainage assessment procedures based on physical features in Illinois by Jones, Benjamin A., Jr. & Drablos, Carroll J.W.
WRC RESEARCH R E P O R T  N O .  19 
DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES BASED ON 
PHYSICAL FEATURES I N  ILLINOIS 
Benjamin A. Jones Jr.,  Professor  
and 
Car ro l l  J . W .  Drablos,  Ass i s t an t  Professor  
Agr i cu l tu ra l  Engineering Department 
Uriiversity of  I l l i n o i s ,  Urbana-Champaign 
F I N A L  R E P O R T  
Pro jec t  No. A-011- I L L  
June 1, 1965 - June 30, 1968 
The work upon which t h i s  publ ica t ion  i s  based was supported by  funds 
provided by the U.S .  Department o f  the I n t e r i o r  as  authorized under 
the Water Resources Research Act o f  1964, P . L .  88-379 
Agreement No. 14-01-0001-1081 
U N I V E R S I T Y  O F  I L L I N O I S  
WATER RESOURCES C E N T E R  
3220 C i v i l  Engineering Building 
Urbana, I l l i n o i s  61801 
May, 1969 
ABSTRACT 
DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES BASED ON 
PHYSICAL FEATURES I N  ILLINOIS 
The o b j e c t i v e s  of t h i s  s t u d y  were t o  i d e n t i f y  t h e  p h y s i c a l  f e a t u r e s  
o f  t h e  l and  i n  a  d r a i n a g e  d i s t r i c t  which i n f l u e n c e  b e n e f i t s  a c c r u i n g  
f rom d r a i n a g e  improvements, and t o  fo rmula te  a  method f o r  d i s t r i b u t i n g  
assessments  based upon t h e  r e l a t i v e  importance of t h e s e  p h y s i c a l  
f e a t u r e s .  
The s i g n i f i c a n t  p h y s i c a l  f e a t u r e s  d i s c o v e r e d  i n  t h e  s t u d y  were: (1) 
t h e  d i s t a n c e  from t h e  t r a c t  of l and  t o  t h e  main d r a i n ,  (2) t h e  d i s -  
t a n c e  from t h e  t r a c t  of l and  t o  t h e  main o u t l e t ,  and (3) t h e  p e r m e a b i l i t y  
of t h e  s o i l  on t h e  t r a c t  of land.  An e q u a t i o n  was developed t o  d e t e r -  
mine t h e  assessment  f o r  any t r a c t :  An = 1,4845 - 0,3476 ( L ~ / L * )  - 0.4680 
(Dn/W<) - 0.4434 ( K ~ / I W ) .  
The e q u a t i o n  p rov ides  a procedure  and a computer program t o  e q u i t a b l y  
d i s t r i b u t e  d r a i n a g e  assessments  w i t h  a  s a v i n g s  i n  l a b o r  and t ime i n  t h e  
p r e p a r a t i o n  of t h e  assessment  r o l l .  T h i s  unbiased procedure  should r e -  
" duce t h e  p r e s e n t  o b j e c t i o n  of landowners of u n f a i r  a ssessments  based upon 
p.ersona1 judgment. Although t h e  p r e s e n t  e q u a t i o n  is  l i m i t e d  t o  t h e  
geograph ic  a r e a  t h a t  s u p p l i e d  t h e  d a t a  f o r  t h e  c o e f f i c i e n t s ,  t h e  procedure  
developed may be used t o  c a l c u l a t e  c o e f f i c i e n t s  f o r  o t h e r  s o i l  and 
morphological  a r e a s .  
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INTRODUCTION 
A s  t h e  p o p u l a t i o n  i n  t h e  Uni ted S t a t e s  and t h e  world  i n c r e a s e s ,  t h e  
amount o f  a g r i c u l t u r a l  p roduc t s  grown each y e a r  must a l s o  i n c r e a s e  t o  meet 
t h e  needs.  A t  t h e  same t ime,  however, i t  i s  n e c e s s a r y  t o  remove l a r g e  a r e a s  
o f  f e r t i l e  l and  from produc t ion  each y e a r  f o r  c i t i e s ,  highways, e t c .  i n  
many a r e a s  o f  t h e  Uni ted S t a t e s .  T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  produce 
rnore food from a  s m a l l e r  o v e r a l l  l and  a r e a  and from l e s s - p r o d u c t i v e  s o i l s .  
One way t o  improve t h e  p r o d u c t i v i t y  o f  c rop lands  t h a t  have a n  e x c e s s  
o f  s u r f a c e  and s u b s u r f a c e  w a t e r  i s  t o  improve t h e  d ra inage .  The g r e a t e s t  
o b s t a c l e  encountered i n  d r a i n i n g  many a r e a s  i s  t h e  l a c k  o f  a n  o u t l e t  f o r  
t h e  d i s p o s a l  o f  t h e  d r a i n a g e  wate r .  I n  such i n s t a n c e s ,  i t  i s  o f t e n  necessa ry  
t o  o r g a n i z e  a  l e g a l  e n t i t y ,  such a s  a d r a i n a g e  d i s t r i c t ,  i n  o r d e r  t o  s e c u r e  
a  community o u t l e t .  The o b j e c t i v e  o f  t h e  d i s t r i c t  i s  t o  c o n s t r u c t  and main- 
t a i n  d r a i n s  and t o  a p p o r t i o n  t h e  c o s t  among t h e  landowners b e n e f i t e d ,  
w i t h i n  t h e  framework o f  t h e  law. 
The amount o f  money expended by each landowner f o r  c o n s t r u c t i o n ,  
improvement, and y e a r l y  maintenance o f  a . d i s t r i c t  i s  c a l l e d  a n  assessment .  
I n  I l l i n o i s ,  t h e  amount o f  a n  assessment  i s  determined on t h e  b a s i s  o f  
b e n e f i t s  r e c e i v e d ;  by law, t h e  b e n e f i t s  must be e q u a l  t o  o r  g r e a t e r  t h a n  
t h e  c o s t .  The d e t e r m i n a t i o n  o f  t h e  amount o f  each d r a i n a g e  assessment  
o f t e n  causes  a  c o n f l i c t  among a f f e c t e d  landowners because  t h e y  f e e l  t h a t  t h e  
assessments  a r e  n o t  p ropor t ioned  e q u i t a b l y .  A t  t h e  p r e s e n t  t ime ,  t h e  
commissioners o f  a d r a i n a g e  d i s t r i c t ,  i n  c o n s u l t a t i o n  w i t h  t h e i r  e n g i n e e r  
and lawyer ,  e v a l u a t e  t h e  b e n e f i t s  t h e  l and  r e c e i v e s  from t h e  p r o j e c t ,  
based upon t h e i r .  exper ience  and p e r s o n a l  judgment. 
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S i n c e  people  may be p r e j u d i c e d  and s i n c e  e x p e r i e n c e  and judgment w i l l  
va ry  from p e r s o n  t o  pe rson ,  i t  would be  b e n e f i c i a l  t o  e l i m i n a t e ,  o r  a t  
l e a s t  reduce,  t h e  p e r s o n a l  judgment f a c t o r s  invo lved  i n  t h e  assessment  
p rocess .  Consequently,  a n  assessment  p rocedure  i s  needed t h a t  w i l l  ob- 
j e c t i v e l y  a n a l y z e  t h e  v a r i a b l e s  a f f e c t i n g  t h e  b e n e f i t s  o f  d r a i n a g e ,  s o  
t h a t  a l l  landowners w i l l  be  t r e a t e d  i n  a  f a i r  and i m p a r t i a l  manner. 
The o b j e c t i v e s  o f  t h i s  s t u d y  were:  (1)  t o  i d e n t i f y  t h e  p h y s i c a l  
f e a t u r e s  o f  t h e  l and  t h a t  may i n f l u e n c e  t h e  b e n e f i t s  a c c r u i n g  from d r a i n -  
age;  (2 )  t o  de te rmine  t h o s e  p h y s i c a l  f e a t u r e s  t h a t  have a  s i g n i f i c a n t  
e f f e c t  i n  i n f l u e n c i n g  t h e  b e n e f i t s  a c c r u i n g  from d r a i n a g e ;  and (3 )  t o  
f o r m u l a t e  an  assessment  procedure  based on t h e  c o r r e l a t i o n  between t h e  
s i g n i f i c a n t  p h y s i c a l  f e a t u r e s  and t h e  b e n e f i t s  a c c r u i n g  from d r a i n a g e .  
REVIEW OF LITERATURE 
B e n e f i t s  From Drainage 
I f  a  landowner i s  go ing  t o  be  a b l e  t o  pay f o r  t h e  i n s t a l l a t i o n  o f  
a  d r a i n a g e  system,  t h e  b e n e f i t s  from d r a i n a g e  must be g r e a t e r  t h a n  t h e  
c o s t .  One o f  t h e  b e n e f i t s  i s  i n c r e a s e  i n  c rop  y i e l d s .  S e v e r a l  pe rsons  
have pub l i shed  r e s u l t s  o f  exper iments  showing a  c rop  i n c r e a s e  due t o  
improved d ra inage .  G.O. Schwab, G.S. Tay lor ,  J.L. Fouss,  and E. S t i b b e  2  2  
showed an  average  corn  y i e l d  o f  51.4 b u / a c r e  on undrained p l o t s ,  81.1 
b u / a c r e  on s u r f a c e  d r a i n e d  p l o t s ,  89.5 b u / a c r e  on t i l e  d r a i n e d  p l o t s ,  and 
92.1 b u / a c r e  on s u r f a c e  and t i l e  d r a i n e d  p l o t s .  Th i s  i s  a n  i n c r e a s e  o f  
58% f o r  t h e  s u r f a c e  d r a i n e d  p l o t s  and 79% f o r  t h e  s u r f a c e  and t i l e  d r a i n e d  
p l o t s .  I n  t h i s  experiment even a  minor improvement i n  d r a i n a g e  such a s  
a  s u r f a c e  d r a i n  i n c r e a s e d  y i e l d s  and a  major improvement such a s  a  
3  
combinat ion s u r f a c e  and t i l e  d r a i n  i n c r e a s e d  y i e l d s  even more. Wal te r  L. 
~ o h n s o n : ~  i n  a  f l o o d i n g  exper iment ,  showed a  r e l a t i o n s h i p  between c r o p  
y i e l d  and t h e  s t a g e  o f  p l a n t  development when t h e  p l a n t s  were f looded .  
The p l o t s  o f  corn  f looded  June 8  t o  14 o n l y  produced an  average  o f  95.5 
b u l a c r e  w h i l e  t h e  p l o t s  f looded  August 12 t o  18 produced a n  average  o f  
124 b u l a c r e .  The p l o t s  n o t  f looded  a t  a l l  produced a n  average  o f  128 
b u l a c r e .  The y i e l d s  o f  t h e  p l a n t s  f looded  i n  August and n o t  f looded  a t  
a l l  were 30% and 34% g r e a t e r  r e s p e c t i v e l y  t h a n  t h o s e  f looded  i n  June.  
Johnson showed t h a t  t h e r e  was no doubt t h a t  f l o o d i n g  e s p e c i a l l y  i n  t h e  l a t e  
s p r i n g  decreased  c r o p  y i e l d s .  
The Middle Western Uni ted S t a t e s  u s u a l l y  h a s  a  g r e a t  amount o f  r a i n  
i n  t h e  l a t e  s p r i n g  which may cause  f lood ing .  To g e t  maximum y i e l d s ,  t h e  
f l o o d i n g  must b e  r e l i e v e d  e i t h e r  by n a t u r a l  o r  a r t i f i c i a l  d ra inage .  The 
i n c r e a s e  i n  c rop  y i e l d s  i s  t h e  most impor tan t  b e n e f i t  from d r a i n a g e  s i n c e  
t h i s  b e n e f i t  u s u a l l y  r e c o v e r s  t h e  c o s t  o f  t h e  d r a i n a g e  system. 
Other  b e n e f i t s  from d r a i n a g e  a r e  t h a t  d r a i n a g e  a l l o w s  t h e  f i e l d s  t o  
d r y  and warm up e a r l i e r  i n  t h e  s p r i n g .  T h i s  p e r m i t s  t h e  farmer  t o  till 
h i s  f i e l d s  and p l a n t  h i s  c rops  e a r l i e r  i n  t h e  season.  Drainage a l s o  
a l l o w s  t h e  u s e  o f  more f e r t i l i z e r  and b e t t e r  management which i n c r e a s e s  
y i e l d s  even more. Also b e n e f i t s  from d r a i n a g e  a c c r u e  from i n c r e a s e d  l and  
v a l u e  due t o  g r e a t e r  p r o d u c t i v e n e s s ,  a c c e s s i b i l i t y ,  and t h e  decreased  
c o s t  of a g r i c u l t u r a l  o p e r a t i o n s .  19 
General  b e n e f i t s  enjoyed by t h e  p u b l i c  and common t o  a l l  people  o f  
t h e  community a l s o  r e s u l t  from dra inage .  Some b e n e f i t s  a r e  i n c r e a s e d  
h e a l t h f u l n e s s ,  convenience,  and g e n e r a l  p r o s p e r i t y .  4  
F a c t o r s  A f f e c t i n g  B e n e f i t s  
One o f  t h e  f i r s t  pub l i shed  works on t h e  assessment  o f  d r a i n a g e  
p r o j e c t s  and t h e  f a c t o r s  a f f e c t i n g  b e n e f i t s  from d r a i n a g e  was by L. E .  
~ s h b a u ~ h '  i n  1906. He b e l i e v e d  t h a t  t h e  pe rsons  d e t e r m i n i n g  assessments  
should  g i v e  a c l a s s i f i c a t i o n  p e r c e n t a g e  t o  each t r a c t  of l and .  The p e r -  
c e n t a g e  would be  100% on t h a t  t r a c t  which r e c e i v e d  the  g r e a t e s t  b e n e f i t  
and p r o p o r t i o n a l  p e r c e n t a g e s  on a l l  o t h e r  t r a c t s .  H i s  pe rcen tage  sys tem 
was u s e f u l  n o t  o n l y  f o r  t h e  i n i t i a l  appor t ionment  of assessments  b u t  a l s o  
f o r  f u t u r e  assessments .  He used t h e  f o l l o w i n g  f a c t o r s  i n  de te rmin ing  
b e n e f i t s :  t h e  l a n d ' s  i n h e r e n t  need f o r  d r a i n a g e  (degree  of we tness ) ,  t h e  
s u f f i c i e n c y  of t h e  improvement t o  d r a i n  i t ,  each t r a c t ' s  p rox imi ty  t o  t h e  . 
improvement, and each t r a c t ' s  p rox imi ty  t o  a  n a t u r a l  o u t l e t .  Ashbaugh 
a l s o  thought  t h a t  t h e  d r a i n a g e  of h igh  q u a l i t y  land might y i e l d  more bene- 
f i t  than  t h e  d r a i n a g e  of low q u a l i t y  l and  due t o  a  g r e a t e r  i n c r e a s e  i n  pro-  
. d u c t i v i t y  on t h e  f i r s t .  
One of t h e  f i r s t  a t t e m p t s  a t  u s i n g  a n  e q u a t i o n  f o r  d i s t r i b u t i n g  d r a i n -  
a g e  assessments  was made by S. T. PIorse, l6 i n  1912. I n  d i r e c t  c o n t r a s t  t o  
Ashbaugh he b e l i e v e d  t h a t  such i tems a s  t h e  c o s t  o f  t h e  improvement, t h e  
d i s t a n c e  of t h e  t r a c t  from t h e  o u t l e t ,  o r  t h e  t r a c t ' s  l o c a t i o n  on t h e  branches  
o r  t h e  mains,  and t h e  l a n d ' s  assumed p r e s e n t  s t a t e  of wetness  d i d  n o t  i n  any 
way c o n f e r  b e n e f i t s  on t h e  l ands  f o r  a g r i c u l t u r a l  and s a n i t a r y  purposes .  
I n s t e a d  he b e l i e v e d  t h a t  t h e  b a s i c  p r i n c i p l e s  t o  which b e n e f i t s  must be r e -  
f e r r e d  were t h e  r e l a t i v e  e l e v a t i o n  of t h e  l and  t o  t h e  proposed d r a i n  and t h e  
d e p t h  and s i z e ,  o r  e f f i c i e n c y  of t h e  d r a i n .  F i n a l l y ,  he  s t a t e d  t h a t  
1 A  = 100 X Y was a s imple  formula  f o r  t h e  e q u i t a b l e  c l a s s i f i c a t i o n  of a l l  
y1 
t r a c t s  of land f b r  assessment  purposes .  I n  t h i s  e q u a t i o n ,  A  was t h e  c l a s s i -  
f i c a t i o n  of a c e r t a i n  t r a c t ,  X was t h e  a d d i t i o n a l  dep th  g i v e n  t h e  o u t l e t  
of t h e  most b e n e f i t e d  t r a c t  on t h e  p r o j e c t ,  Y was t h e  change i n  e l e v a t i o n  
from the  base  of t h e  p r e s e n t  o u t l e t  t o  t h e  mean p l a n e  of t h e  most b e n e f i t e d  
5 
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t r ac t ,  X was t h e  a d d i t i o n a l  dep th  g iven  t h e  o u t l e t  of t h e  t r a c t  i n  
1 ques t ion ,and  Y was t h e  change i n  e l e v a t i o n  from t h e  base  of t h e  p r e s e n t  
o u t l e t  t o  t h e  mean p lane  of t h e  t r a c t  i n  ques t i on .  
J .  W.  eel^ be l ieved  t h a t  land should be a s s e s s e d  on t h e  b a s i s  of i t s  
c o n d i t i o n  o r  need f o r  d r a inage  o r  degree  of wetness.  He a l s o  be l i eved  t h a t  
t h e  b e s t  procedure  f o r  d i s t r i b u t i n g  d r a inage  assessments  i n  u s e  i n  Iowa 
i n  1914 was one t h a t  d iv ided  t h e  d ra inage  d i s t r i c t  i n t o  f o r t y  a c r e  t r a c t s .  
Then t h e  t r a c t s  were d iv ided  i n t o  c l a s s e s  by the  d i s t r i c t  commissioners. 
The fou r  c l a s s e s  used were swamp, wet,  low, and h igh .  They were def ined  . 
a s  fo l lows :  swamp, l and  t h a t  was wor th l e s s  swamp; w e t ,  wet g r a s s  land too 
wet t o  till; low, low plowed land  t h a t  needed t i l i n g ;  and high,  h igh lands  
t h a t  r e ce ived  l i t t l e  b e n e f i t  from t h e  d r a inage  inprovement. Each r e s p e c t i v e  
. c l a s s i f i c a t i o n  was assessed :  loo%, 70%, 30%, and 3%. 
Lee a l s o  s t a t e d  t h a t  t h e  d i s t r i c t  commissioners should cons ide r  each 
t r a c t  i n d i v i d u a l l y  f o r  excep t i ons  o r  cond i t i ons  which warranted an i nc r ea sed  
o r  a  decreased  assessment .  The commissioners should  cons ider  t h e  d i f f e r e n c e  
i n  e l e v a t i o n  between each t r a c t  t o  t he  course  of t h e  proposed improvement, 
the  course  of t h e  overf low water  from t h e  e x i s t i n g  d i t c h e s ,  t h e  l o c a t i o n  
of t h e  t r a c t  i n  r e s p e c t  t o  t h e  o u t l e t  provided by t h e  new improvement, and 
t he  d i s t a n c e  from the  t r a c t  t o  t h e  d r a i n  i n  t h e i r  excep t ions  o r  cond i t i ons .  
Guy R.  campbel15 i n  1915 d i s ag reed  w i th  Lee. He be l i eved  t h a t  t h e  
d i s t a n c e  from the  t r a c t  t o  t h e  d r a i n  should n o t  a f f e c t  assessments  d i r e c t -  
l y ,  b u t  on ly  as i t  a f f e c t e d  ou t -of -pocke t  c o s t  i ncu r r ed  by t h e  owners t o  
s e c u r e  d r a inage  equa l  t o  t h a t  of owners d i r e c t l y  on t h e  d r a i n .  Campbell 
a l s o  thought t h a t  Lee should have cons idered  t he  dep th  and t h e  s i z e  of 
t h e  d r a i n  i n  h i s  method. 
J .  L. ~ a i - s o n s l ~  i n  1915 s t a t e d  t h a t  t h e  va r i ous  f a c t o r s  i n f l u e n c i n g  
j u s t  a ssessments  were: 
1. The l o c a t i o n  o f  t h e  t r a c t  i n  r e f e r e n c e  t o  t h e  main d r a i n .  
2. The l o c a t i o n  o f  t h e  t r a c t  i n  r e f e r e n c e  t o  t h e  o u t l e t  o f  
t h e  main d r a i n .  
3.  The comparat ive  e l e v a t i o n  o f  t h e  t r a c t .  
4. The r e l a t i o n  o f  c l a s s i f i c a t i o n s  t o  assessments .  
5. The d e s i g n  o f  t h e  main a s  a f f e c t i n g  t h e  t r a c t .  
6. The comparison o f  t h e  c o s t  i n  and requ i rements  o f  d i f f e r e n t  
s e c t i o n s  o f  t h e  watershed.  
7. The s o i l  f e r t i l i t y  o f  t h e  v a r i o u s  t r a c t s .  
He a l s o  expressed  t h e  o p i n i o n  t h a t  a n  assessment  procedure  t o  be 
s u c c e s s f u l  and a c c e p t a b l e  t o  landowners,  a t t o r n e y s  and judges must p rov ide  
e q u i t a b i l i t y  and s i m p l i c i t y .  With t h i s  i n  mind he  d i v i d e d  t h e  wa te r shed  
i n t o  f o r t y - a c r e  t r a c t s  s i m i l a r  t o  Lee and based h i s  assessment  scheme on 
t h e  c l a s s  o f  l a n d ,  p rox imi ty  t o  t h e  d r a i n ,  and p rox imi ty  t o  t h e  o u t l e t .  
The c l a s s  o f  l and  r e f e r r e d  t o  t h e  c o n d i t i o n  o f  t h e  l and  a d j u s t e d  by a  
c o n s i d e r a t i o n  o f  t h e  e a s e  and c o s t  o f  d r a i n i n g .  For exampie, swamp was 
b e n e f i t e d  more t h a n  d r i e r  land.  Proximity  t o  t h e  d r a i n  r e f e r r e d  t o  t h e  
d i s t a n c e  o f  each t r a c t  from t h e  d r a i n .  I f  a  t r a c t  l i e s  a long  t h e  d r a i n ,  
i t  was assumed t o  a c c r u e  b e n e f i t s  from t h e  d r a i n  c a r r y i n g  i t s  s u r f a c e  
w a t e r  away and t h e  d r a i n  p r e v e n t i n g  f l o o d i n g  and overf low from above. 
T r a c t s  d i s t a n t  from t h e  d r a i n  were b e n e f i t e d  l e s s  because  expens ive  l a t e r a l  
d i t c h e s  o r  t i l e s  must be c o n s t r u c t e d  t o  a c h i e v e  t h e  b e n e f i t s  immediately 
acc rued  t o  more a d j a c e n t  l ands .  P rox imi ty  t o  t h e  o u t l e t  was t h e  d i s t a n c e  
o f  t h e  t r a c t  from t h e  main o u t l e t .  Th i s  cons idered  t h e  d i f f e r e n c e s  i n  
b e n e f i t s  acc rued  from t h e  r e l a t i v e  p o s i t i o n  o f  t h e  t r a c t s  w i t h i n  t h e  d i s t r i c t  
due t o  e l e v a t i o n  and s u b j e c t i o n  t o  overf low.  Using t h e  above f a c t o r s ,  
Parsons  gave each t r a c t  a  pe rcen tage  c l a s s i f i c a t i o n  and c a l c u l a t e d  
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assessments the  same a s  Ashbaugh. 
Within the l a s t  few years ,  Carl  M. ~ n d e r s o n '  has  recommended a  method 
f o r  appor t ion ing  assessments f o r  an open d i t ch .  I t  was based on the  f o l -  
lowing f a c t o r s :  the  d i s t ance  from the  mouth of t he  d i t c h  t o  t h e  t r a c t ,  t he  
average amount of s o i l  removed from the  d i t c h  below the  l o c a t i o n  of t he  
owner's p roper ty ,  the  average grade of t h e  d i t c h  bottom, the  s lope  of  the  
land t o  t h e  d i t c h ,  the  l a t e r a l  d i s t a n c e  from the  d i t c h  t o  t he  t r a c t ,  and 
the  d i f f e r e n c e  i n  e l e v a t i o n  between the  d i t c h  and the  t r a c t  o f  land. 
Anderson combined these  f a c t o r s  i n t o  a  complicated procedure. 
Assessment Procedures 
There a r e  s eve ra l  assessment d i s t r i b u t i o n  procedures i n  ex i s t ence  
today. Boyd and   art^ l i s t e d  the  Percentage Method, the  C l a s s i f i c a t i o n  
Method, and the  Actual Value of t he  Bene f i t s  Method a s  t he  major procedures.  
According t o  the  Percentage Method, each f a c t o r  t h a t  a f f e c t e d  the  phys ica l  
condi t ions  surrounding a  t r a c t  and i t s  drainage was given a  s epa ra t e  value 
i n  percentage. From these  combined percentages the r e l a t i v e  b e n e f i t  was 
f i n a l l y  determined. Boyd and Hart thought t h i s  method was complicated, so 
much so t h a t  i t  was confusing t o  both a s se s so r s  and landowners, and there-  
f o r e  i t  was unsa t i s f ac to ry .  The C l a s s i f i c a t i o n  Method provided t h a t  t he  
land be d iv ided  i n t o  f i v e  c l a s s e s  and t h a t  t he  r a t i o  of assessments be- 
tween the  f i v e  c l a s s e s  be 5, 4 ,  3 ,  2 ,  and 1. Boyd and Hart thought t h i s  
method was f a r  too i n f l e x i b l e  t o  al low the  f i x i n g  of  equ i t ab l e  assessments.  
They a l s o  thought the  s imples t ,  the  most r e a d i l y  understood, and the  bes t  
procedure was the  Actual Value of the  Benef i t s  Method. This method pro- 
vided t h a t  t he  b e n e f i t s  conferred by the  drainage improvement be est imated 
and the  assessments be apport ioned accordingly.  This i s  b a s i c a l l y  the 
method used i n  I l l i n o i s  today. 
The True Ou t l e t  Cost Method was recommended by Al len  D. ~ a u ~ e l l  f o r
appor t ion ing  t h e  c o s t  of  mutual d ra inage  systems. This  method r equ i r ed  
each owner t o  pay f o r  t he  va lue  of  a  l a t e r a l  t i l e ,  according t o  t h e  s i z e  
commonly used i n  t h a t  p a r t i c u l a r  a r e a ,  f o r  t h a t  po r t i on  o f  t h e  main i n -  
s t a l l e d  on h i s  p roper ty  and f o r  t h e  e n t i r e  group t o  equa l ly  sha re  th.e 
c o s t  of  t h e  ove r s i ze  t i l e  and t h e  o u t l e t  c o s t  on a  per  a c r e  b a s i s .  The 
d i f f e r e n c e  between t h e  l a t e r a l  t i l e  c o s t  and t h e  c o s t  of  t h e  main p lu s  
t h e  o u t l e t  c o s t s  d iv ided  by e i t h e r  t h e  watershed acreage o r  wet acreage 
a s  determined, gave an o u t l e t  c o s t  pe r  a c r e  t h e  same f o r  every landowner 
i n  t h e  watershed. 
There a r e  s e v e r a l  "shor tcu t"  methods f o r  d i s t r i b u t i n g  dra inage  
assessments.  The f i r s t  i s  t he  F l a t  Rate Method which presumes t h a t  t h e  
b e n e f i t s  and t h e r e f o r e ,  t h e  assessments f o r  a l l  t r a c t s  a r e  equal .  The Ad 
Valorem Method makes assessments p ropor t i ona l  t o  t h e  proper ty  va lue  o f  t h e  
t r a c t s .  Another method assumes t h e  b e n e f i t s  confer red  per  t r a c t  a r e  equa l  
t o  t h e  d i f f e r e n c e  between t h e  market va lue  a f t e r  improvement and t h e  market 
va lue  p r i o r  t o  improvement.ji These methods do not  make any a t tempt  t o  
e s t i m a t e  t h e  a c t u a l  b e n e f i t s  accrued from dra inage  and t h e r e f o r e  a r e  un- 
s a t i s f a c t o r y .  
FORMULATION OF THE METHOD 
A method o r  procedure f o r  d i s t r i b u t i n g  dra inage  assessments  must be 
s imple,  r e a d i l y  understood,  and easy  t o  apply. This i s  e s p e c i a l l y  t r u e  
when l a r g e  numbers of  people a r e  involved. The assumption was made t h a t  
a  method expresSed i n  t h e  form of  an equa t ion  would provide t h e  most 
e q u i t a b l e  procedure.  This assumption was based on t h e  premise t h a t  an 
e q u a t i o n  would a p p l y  t h e  same f a c t o r s  i n  a  s i m i l a r  manner t o  each  t r a c t  
o f  l a n d ,  t h u s  d e t e r m i n i n g  each assessment  r e l a t i v e  t o  e v e r y  o t h e r  a s s e s s -  
ment. 
On t h e  b a s i s  o f  p r e v i o u s  work, t h e  p h y s i c a l  f e a t u r e s  t h a t  appeared t o  
i n f l u e n c e  d r a i n a g e  b e n e f i t s  and t h a t  shou ld  b e  cons idered  a s  p a r t  o f  a n  
e q u a t i o n  were a s  fo l lows :  
1. C o e f f i c i e n t  o f  p e r m e a b i l i t y  o f  t h e  s o i l  on t h e  t r a c t  o f  land.(Kn) 
2. S h o r t e s t  h o r i z o n t a l  d i s t a n c e  from t h e  c e n t r o i d  o f  t h e  t r a c t  
t o  t h e  main d r a i n .  (Ln) 
3 .  S h o r t e s t  h o r i z o n t a l  d i s t a n c e  from t h e  c e n t r o i d  o f  t h e  t r a c t  
t o  t h e  ma.in o u t l e t .  (Dn) 
4. R e l a t i v e  e l e v a t i o n  between t h e  mean p l a i n  o f  t h e  t r a c t  t o  
t h e  main o u t l e t .  (Yn) 
5. Depth o f  t h e  main d r a i n  t h a t  cor responds  t o  t h e  t r a c t .  (Xn) 
6. P r o d u c t i v i t y  o f  t h e  s o i l  on each  t r a c t .  
These p h y s i c a l  f e a t u r e s  were combined and e x p r e s s e d  i n  a  t e n t a t i v e  equa- 
An i s  t h e  c l a s s i f i c a t i o n  o f  t r a c t  n ,  and t h e  ;\ terms r e p r e s e n t  v a l u e s  f o r  
t h e  t r a c t  r e s e i v i n g  t h e  maximum b e n e f i t .  C1, C2, C3, C4, and C5 a r e  t h e  
assessment -equa t ion  c o e f f i c i e n t s  n e c e s s a r y  t o  e q u a t e  bo th  s i d e s  o f  t h e  
e q u a t i o n .  
F igure  1 shows t h e  d i s t a n c e s  i n  a  t y p i c a l  d r a i n a g e  p r o j e c t  t o  be 
measured f o r  u s e  i n  t h e  assessment  equa t ion .  The main d r a i n  conveys t h e  
e x c e s s  w a t e r ,  t h e  c o s t  o f  which i s  p a i d  by t h e  assessment .  The main o u t -  
l e t  i s  t h e  p o i n t  where t h e  main d r a i n  d i s c h a r g e s  from t h e  p r o j e c t .  
The f i r s t  p a r t  of t h e  e q u a t i o n  was t a k e n  from Morse (16) ;  t h e  d e p t h  
o f  t h e  main d r a i n  and t h e  r e l a t i v e  e l e v a t i o n  t o  t h e  o u t l e t  were cons idered .  
The o t h e r  p h y s i c a l  f e a t u r e s  were added t o  t h e  e q u a t i o n ,  u s i n g  ~ o r s e ' s  
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i d e a  o f  d i v i d i n g  t h e  measurements f o r  each f e a t u r e  by t h e  maximum measure- 
ment f o r  t h e  f e a t u r e  o n  t h e  p r o j e c t .  Each t r a c t  was c l a s s i f i e d  from z e r o  
t o  one,  a c c o r d i n g  t o  t h e  amount o f  b e n e f i t  r e c e i v e d  and a s  determined by 
t h e  fo rmula ted  e q u a t i o n ;  t h e  h i g h e r  t h e  c l a s s i f i c a t i o n ,  t h e  more b e n e f i t  
t h e  t r a c t  o f  l and  r e c e i v e s .  A?; i s  1.00, s i n c e  i t  r e p r e s e n t s  t h e  t r a c t  o f  
l a n d  on t h e  p r o j e c t  r e c e i v i n g  t h e  maximum b e n e f i t .  
To compute t h e  monetary assessment  f o r  each t r a c t ,  a  summation i s  made 
o f  a l l  o f  t h e  c l a s s i f i c a t i o n s  w i t h i n  t h e  p r o j e c t .  Then t h e  t o t a l  c o s t  i s  
d i v i d e d  by t h i s  sum t o  de te rmine  a  p e r - u n i t  c o s t .  Next, t h e  p e r - u n i t  c o s t  - 
i s  m u l t i p l i e d  by t h e  c l a s s i f i c a t i o n  f o r  each t r a c t  t o  de te rmine  t h e  mone- 
t a r y  assessment  f o r  t h a t  t r a c t .  Thus, t h e  assessment  r e p r e s e n t s  t h e  t r a c t ' s  
s h a r e  o f  t h e  t o t a l  c o s t ,  based on t h e  d r a i n a g e  b e n e f i t s  r e c e i v e d  by t h a t  
p a r t i c u l a r  t r a c t .  
CALCULATING THE EQUATION COEFFICIENTS 
The c o e f f i c i e n t s  i n  t h e  assessment  e q u a t i o n  r e l a t e  t h e  weighted i n f l u -  
ence o f  each s e l e c t e d  p h y s i c a l  f e a t u r e  t o  d r a i n a g e  b e n e f i t s  r e c e i v e d  from 
t h e  p r o j e c t .  To c a l c u l a t e  t h e  c o e f f i -  
c i e n t s ,  t h e  p h y s i c a l  f e a t u r e s  o f  t h e  
Main Drain 
l and  were c o r r e l a t e d  w i t h  t h e  b e n e f i t s  
o f  d r a i n a g e ,  u s i n g  m u l t i p l e - r e g r e s s i o n  
a n a l y s i s .  The i n c r e a s e  i n  c r o p  y i e l d s  
a s  t h e  r e s u l t  o f  improvements made 
i n  a  d r a i n a g e  system was chosen t o  
r e p r e s e n t  t h e  b e n e f i t s  r e c e i v e d .  How- 
I 
e v e r ,  crop y i e l d s  may be i n c r e a s e d  
F i g u r e  1. A t y p i c a l  d r a i n a g e  p r o j e c t .  by b e t t e r  v a r i e t i e s ,  t e c h n o l o g i c a l  
advances ,  improved management p r a c t i c e s ,  e t c .  To keep t h e  e f f e c t  o f  t h e s e  
e x t r a n e o u s  f a c t o r s  t o  a minimum, t h e  c rop  y i e l d s  f o r  two y e a r s  b e f o r e  and 
a f t e r  t h e  i n s t a l l a t i o n  o f  a d r a i n a g e  system were  o b t a i n e d ,  and t h e  d i f f e r -  
ence  between t h e  "before-drainage"  and " a f t e r - d r a i n a g e "  y i e l d s  was used 
as t h e  measure o f  t h e  b e n e f i t s  a c c r u i n g  from d r a i n a g e .  Both t i l e  and 
open-d i t ch  d r a i n a g e  systems were s e l e c t e d  f o r  s tudy .  
Corn was used as t h e  crop f o r  y i e l d  comparisons. Yie lds  were o b t a i n e d  
f o r  each  40-ac re  t r a c t  from t h e  r e c o r d s  o f  farm managers o r  by i n t e r v i e w i n g  
t h e  landowner o r  o p e r a t o r .  The "before-drainage"  and " a f t e r - d r a i n a g e "  
y i e l d s  were c o r r e c t e d  f o r  wea ther  v a r i a t i o n  by u s i n g  t h e  I l l i n o i s  Corn 
Yie ld  Char t  from t h e  p u b l i c a t i o n  Weather V a r i a b i l i t y  and t h e  Need f o r  a 
Food Reserve.  (27) The c o r r e c t e d  y i e l d s  were c a l c u l a t e d  u s i n g  t h e  fo l low-  
Y i n g  e q u a t i o n :  X = where: X = c o r n  y i e l d s  c o r r e c t e d  t o  nor-  
t - c  1 -   
C 
m a 1  wea ther ,  Y = a c t u a l  corn  y i e l d s  r e p o r t e d  by t h e  landowner o r  o p e r a t o r ,  
t = expec ted  corn  y i e l d  based upon t h e  technology f o r  t h e  s p e c i f i c  y e a r  
i n  q u e s t i o n  and normal wea ther ,  and c = expec ted  c o r n  y i e l d  based on 
wea ther  d a t a  f o r  t h e  s p e c i f i c  y e a r  i n  q u e s t i o n  u s i n g  t h e  I l l i n o i s  Corn 
Yie ld  Char t .  (27) The average  c o r r e c t e d  "before-drainage"  corn  y i e l d  was 
s u b t r a c t e d  from t h e  average  c o r r e c t e d  " a f t e r - d r a i n a g e t t  c o r n  y i e l d  t o  de- 
t e rmine  t h e  b e n e f i t .  
The p h y s i c a l  f e a t u r e s  were measured by t h e  f o l l o w i n g  p rocedures :  
1. The s h o r t e s t  d i s t a n c e  i n  f e e t  from t h e  c e n t r o i d  o f  t h e  t r a c t  
t o  t h e  main d i t c h  (Ln) and t h e  s h o r t e s t  d i s t a n c e  i n  f e e t  
from t h e  c e n t r o i d  o f  t h e  t r a c t  t o  t h e  main o u t l e t  (Dn), a s  
no ted  i n  F igure  1, were measured from t h e  e n g i n e e r i n g  p l a n  
o f  t h e  d r a i n a g e  system. 
2. The dep th  o f  t i l e  o r  open d i t c h  was measured i n  f e e t  from 
t h e  p r o f i l e  drawing o f  t h e  d r a i n a g e  system. 
3 .  The mean e l e v a t i o n  o f  t h e  t r a c t s  and t h e  e l e v a t i o n  o f  t h e  
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main o u t l e t s  were measured i n  f e e t  from topograph ic  maps. 
The p r o d u c t i v i t y  r a t i n g  and t h e  c o e f f i c i e n t  o f  p e r m e a b i l i t y  a r e  depen- 
d e n t  on  t h e  s o i l  type.  The a r e a  covered by t h e  v a r i o u s  s o i l  t y p e s  i n  each 
t r a c t  was measured from county s o i l  r e p o r t s  o r  S o i l  Conservat ion S e r v i c e  
s o i l  maps. The e s t i m a t e d  average y i e l d  p e r  a c r e  o f  corn  f o r  each s o i l  
t y p e  was used a s  t h e  b a s i s  f o r  t h e  p r o d u c t i v i t y  f a c t o r  f o r  each s o i l  type.  
Three s o i l  reports--I1McHenry County S o i l s " ,  (20) "Wabash County S o i l s " ,  (31) 
and " W i l l  County S o i l s "  (32)--were s e l e c t e d  f o r  t h i s  s t u d y ,  because  they 
c o n t a i n e d  t h e  l a t e s t  i n f o r m a t i o n  on expec ted  average  y i e l d s ;  a l s o ,  because  . 
t h e y  i l l u s t r a t e d  t h e  c a p a b i l i t y  o f  d i f f e r e n t  s o i l  t y p e s  under modern t e c h -  
nology. The d a t a  on t h e  c o e f f i c i e n t s  o f  p e r m e a b i l i t y  f o r  each s o i l  t y p e  
were t a k e n  from t h e  "Drainage Guide f o r  I l l i n o i s " .  (6)  A weighted average  
, a r e a  o f  each s o i l  type  was used t o  o b t a i n  t h e  p r o d u c t i v i t y  r a t i n g  and t h e  
c o e f f i c i e n t  o f  p e r m e a b i l i t y  f o r  each t r a c t .  
The assessment  e q u a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  by t h e  I B M  7094 
computer, u s i n g  a  m u l t i p l e - r e g r e s s i o n  program. The i n p u t  t o  t h e  computer 
c o n s i s t e d  o f  t h e  measurements o f  t h e  p h y s i c a l  f e a t u r e s  o f  each t r a c t ,  t h e  
maximum measurement o f  each f e a t u r e  on t h e  p r o j e c t ,  t h e  i n c r e a s e  i n  corn  
y i e l d  f o r  each t r a c t ,  and t h e  maximum i n c r e a s e  i n  corn  y i e l d  on t h e  p r o j e c t .  
The program o u t p u t  c o n s i s t e d  o f  t h e  e q u a t i o n  c o e f f i c i e n t s ,  t h e  m u l t i p l e -  
c o r r e l a t i o n  c o e f f i c i e n t ,  t h e  a n a l y s i s - o f  - v a r i a n c e  t a b l e  f o r  t h e  F t e s t ,  
and t h e  s t a n d a r d  p a r t i a l - r e g r e s s i o n  c o e f f i c i e n t .  
RESULTS AND DISCUSSION 
The e q u a t i o n  c o e f f i c i e n t s  u s i n g  f i v e  independent  v a r i a b l e s  and d a t a  
from 28  t r a c t s  were n o t  s i g n i f i c a n t .  I t  was observed,  however, t h a t  t h e  
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v a r i a b l e s  Ln/L;k, Dn/Dik, and Kn/K* were n e a r l y  t w i c e  a s  impor tan t  as t h e  
independent  v a r i a b l e s  XnY+c/YnX+: and Pn/P+c. There fore ,  i t  was dec ided  t o  
c a l c u l a t e  t h e  e q u a t i o n  c o e f f i c i e n t s  w i t h o u t  t h e  two l e s s - i m p o r t a n t  inde-  
pendent  v a r i a b l e s ,  i n  o r d e r  t o  de te rmine  whether  t h e  m u l t i p l e - c o r r e l a t i o n  
c o e f f i c i e n t  and t h e  F v a l u e  would become l a r g e r .  
The e q u a t i o n  c o e f f i c i e n t s  w i t h  t h r e e  independent  v a r i a b l e s  (Ln/Lyk, 
Dn/D;k, and Kn/K+;) and 28 t r a c t s  were n o t  s i g n i f i c a n t ,  b u t  t h e  F v a l u e  and 
t h e  m u l t i p l e - c o r r e l a t i o n  c o e f f i c i e n t  di.d i n c r e a s e .  Also,  t h e  t h r e e  inde-  
pendent  v a r i a b l e s  were n e a r l y  e q u a l  i n  importance.  Because o f  t h i s  ana ly -  - 
s i s ,  i t  was decided t o  use  t h e  independent  v a r i a b l e s  Ln/L;k, Dn/D$c, and 
Kn/Kyk i n  t h e  formulated e q u a t i o n ,  and t o  c o l l e c t  more d a t a .  
A d d i t i o n a l  t r a c t s  o f  land were ana lyzed  u n t i l  t h e  e q u a t i o n  c o e f f i c i e n t s  
became s i g n i f i c a n t  a t  a  p r o b a b i l i t y  o f  0.01. A f t e r  d a t a  from 4 8  t r a c t s  
were ana lyzed ,  t h e  F v a l u e  f o r  t h r e e  independent  v a r i a b l e s  was e q u a l  t o  
8.23, and t h e  m u l t i p l e - c o r r e l a t i o n  c o e f f i c i e n t  was e q u a l  t o  0.5996. 
The c r i t i c a l  F f o r  3  and 44 d e g r e e s  o f  freedom and a  p r o b a b i l i t y  o f  
0 .01 i s  4.31. The s t a n d a r d  p a r t i a l - r e g r e s s i o n  c o e f f i c i e n t s  were t h e  f o l -  
lowing: L ~ / L * ,  0.347965; Dn/D;k, 0.297158'; and Kn/K+:, 0.226182. S ince  
t h e  F o f  8.23 i s  g r e a t e r  t h a n  4.31, t h e  e q u a t i o n  c o e f f i c i e n t s  were s i g n i -  
f i c a n t  a t  a p r o b a b i l i t y  o f  0.01. The independent  v a r i a b l e ,  ~n/L;k,  was 
1.17 and 1.46 t imes  more impor tan t  t h a n  t h e  independent  v a r i a b l e s  Dn/Dyk 
and Kn/Pc. The m u l t i p l e - c o r r e l a t i o n  c o e f f i c i e n t  showed t h a t  36 p e r c e n t  
o f  t h e  dependent v a r i a b l e  was a t t r i b u t a b l e  t o  t h e  independent v a r i a b l e s .  
T h i s  was low, because  o t h e r  f a c t o r s  b e s i d e s  d r a i n a g e  (such a s  management 
and t echnology)  had a f f e c t e d  t h e  i n c r e a s e  i n  c o r n  y i e l d s .  
The e q u a t i o n  c o e f f i c i e n t s  from t h e  m u l t i p l e - r e g r e s s i o n  a n a l y s i s  were 
accep ted  because  o f  t h e  s i g n i f i c a n t  F v a l u e  and t h e  n e a r l y  e q u a l  importance 
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o f  t h e  t h r e e  independent v a r i a b l e s .  This  r e s u l t e d  i n  t h e  fol lowing formu- 
l a t e d  equat ion:  
An = 1.4845 - 0.3476 (Ln/L;k) - 0.4680 (Dn/D;':) - 0.4434 (Kn/K*). 
The assessments ob ta ined  by t h e  equa t ion  were compared t o  assessments 
t h a t  had been determined by d i s t r i c t  commissioners and approved by t h e  
cou r t s .  The purpose of  t h i s  comparison was t o  determine t h e  r e l a t i o n s h i p s  
between t h e  assessments ob ta ined  by t h e  equa t ion  method and the  p r e s e n t l y  
accepted methods. 
The assessments c a l c u l a t e d  f o r  P r o j e c t  No. 1 (see  Table 1)  were y e a r l y  
maintenance assessments f o r  t h e  upkeep o f  an open-di tch and t i l e  system. 
The assessments from the  equa t ion  compared favorab ly  w i th  those  from t h e  
d i s t r i c t  assessment r o l l .  There was no apparent  reason f o r  those  a s se s s -  
ments t h a t  d i d  d i f f e r .  
The assessments c a l c u l a t e d  f o r  P r o j e c t  No. 2 ( see  Table 2) were f o r  
t h e  c l ean ing  of an open d i t c h ,  t h e  cons t ruc t ion  of conserva t ion  s t r u c t u r e s ,  
and f o r  t i l e  r e p a i r s .  I n  t h i s  case ,  t h e  assessments from t h e  equa t ion  
were lower than t h e  assessments from t h e  assessment r o l l  near  t h e  main 
d r a i n ,  and l a r g e r  f o r  those  t r a c t s  f a r t h e r  from t h e  main d r a i n  and near  
t h e  edge of  t h e  d i s t r i c t .  
Figure 2 shows t h a t  t h e  assessments ca l cu l a t ed  by t h e  equa t ion  f o r  
P r o j e c t s  1 and 2 were not  g r e a t l y  d i f f e r e n t  from t h e  assessments on t h e  
assessment r o l l .  Therefore ,  they appear t o  be w i t h i n  t h e  p re sen t  s tandards .  
MECHANICS OF THE METHOD 
Figure 3 shows an open d r a i n ,  s e l e c t e d  t o  i l l u s t r a t e  t h e  method. The 
d r a i n  i s  represen ted  by t h e  arrows extending through s i x  40-acre  u n i t s  t o  
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ASSESSMENTS FROM NEW METHOD - PROJECT I ( DOLLAR ) 
F i g u r e  2 .  As se s smen t s  C a l c u l a t e d  by E q u a t i o n  Are  Comparable t o  
Those  on  Assessment  R o l l s  
t h e  o u t l e t  and b e n e f i t i n g  f i f t e e n  40-acre  u n i t s .  
Table  1. Drainage Assessments From P r o j e c t  No. 1 
Assessment from Assessment from 
Landowner D i s t r i c t  R o l l  Equa t ion  a/ 
County Roads 
1. 
2. 
3.  
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
T o t a l  $250.00 $250.00 
a /  The e q u a t i o n  w i l l  c a l c u l a t e  assessments  t o  t h e  n e a r e s t  c e n t .  The 
- 
f i g u r e s  i n  t h e  column "Assessment from Equation" have been rounded 
t o  t h e  n e a r e s t  1 0  c e n t s  t o  make them c o n s i s t e n t  w i t h  t h o s e  from 
t h e  d i s t r i c t  assessment  r o l l .  
1,320'  660'  0  1 ,320 '  2 , 6 4 0 '  
S c a l e  i n  Feet 
F igure  3 .  Plan  view of  group p r o j e c t .  
To use  t h e  formulated method, t h e  d r a i n a g e  d i s t r i c t  i s  d i v i d e d  i n t o  
40-ac re  t r a c t s .  S ince  most d i s t r i c t s  a r e  i r r e g u l a r  i n  shape,  a few odd- 
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shaped a reas  w i l l  u s u a l l y  be l e f t  a f t e r  t h e  d i s t r i c t  i s  subdivided. These 
may be t r e a t e d  a s  i nd iv idua l  t r a c t s ,  wi th  t he  a r eas  recorded i n  ac re s .  
The phys ica l  f e a t u r e s  t h a t  must be measured and en tered  i n t o  the  equa- 
t i o n  a r e :  
a.  Distance,  expressed i n  f e e t ,  from the  cen t ro id  of each t r a c t  
of land t o  t he  main dra in .  
b. Distance,  expressed i n  f e e t ,  from the  cen t ro id  of  each t r a c t  
of land t o  the  main o u t l e t .  
c. The permeabil i ty  of t he  s o i l  on the  t r a c t  of land. 
The s h o r t e s t  d i s t a n c e  from t h e  cen t ro id  of each t r a c t  t o  t he  main 
d r a i n  and t h e  s h o r t e s t  d i s t ance  from t h e  cen t ro id  of each t r a c t  t o  t he  main 
o u t l e t  a r e  measured from an  engineering p lan  of t he  drainage p ro j ec t .  The 
c o e f f i c i e n t s  of permeabi l i ty  a r e  determined by measuring t h e  a r e a  of each 
s o i l  type on each t r a c t  from a  s o i l s  map. Then t h e  mean c o e f f i c i e n t  of 
permeabi l i ty  i s  s e l e c t e d  f o r  each s o i l  type ,  from a  drainage re ference  
such a s  the  "Drainage Guide f o r  I l l ino is . " (G)  A weighted average may be 
used t o  compute the  average c o e f f i c i e n t  of permeabi l i ty  f o r  each t r a c t .  
I n  t he  example, the  d i s t ances  L, L:k, D ,  and D;k were measured from 
the  p lan  view and recorded, a s  shown i n  Table 3. Each s o i l  type i n  t h i s  
p r o j e c t  had the  same c o e f f i c i e n t  of  permeabi l i ty ,  so the  permeabi l i ty  was 
determined only once and K;? was equal  t o  K (Table 3) .  Using the  a s se s s -  
ment equat ion,  each assessment c l a s s i f i c a t i o n  (A) was ca l cu la t ed ,  a l s o  a s  
shown i n  Table 3. 
Table 3. Physical-Feature Measurements and Assessment 
Classification for Individual Tracts 
To obtain the assessment for each tract, the total project cost is 
divided by the sum of the classifications to determine cost per unit of 
classification. Then, the cost per unit of classification is multiplied 
by each tract's classification to determine the tract's dollar assessment. 
In this example, the total project cost is $4,800.00, and the summa- 
tion of the assessment classifications is 8.9772 (Table 3). Therefore, 
the cost per unit of classification is $534.69. To determine the assess- 
ment for each tract, multiply the assessment classification for each 
tract by the unit cost ($534.69). The assessment for each tract is shown 
in Table 4. 
Table 4. Assessment f o r  Each Trac t  
Trac t  no. Cost pe r  t r a c t  
391.07 
Tota l  '$4,800.00 
A s  s t a t e d  e a r l i e r ,  a  program was w r i t t e n  t o  do the  c a l c u l a t i o n s  on 
the  I B M  7094 computer. The following i s  the  c a l c u l a t i o n  f o r  t r a c t  13 i n  
Figure 3  and Tables 3  and 4: 
Input  Data: Lik = 1,980 f t .  
D+: = 7,392 f t .  
K9: = 1 7 
Tract  13: Ln = 924 f t .  
Dn = 2,534 f t .  
Kn = 1.7 
An (13) = 0.7185 ( c l a s s i f i c a t i o n )  
Pro jec t  cos t  Cost per  t r a c t  = x An. An 
$4,800 cost per  t r a c t  (13) = -x 0.7185 8.9772 
Cost per  t r a c t  (13) = $384.18 
Like all mathematical equations, the proposed assessment equation is 
restricted by certain assumptions and limitations; therefore, it must be 
applied with judgment. The main limitation of this method is that it is 
applicable only for agricultural lands, since the coefficients were calcu- 
lated using agricultural benefits from drainage. Also, the data for this 
study were collected from central Illinois; thus, the equation coefficients 
are only applicable to this area. It is assumed that the significant 
physical features will be similar in any area. However, further study 
would be needed to determine the coefficients for different geographic 
areas. 
The formulated method is intended as a guide that will assist the 
"drainage district commissioners and engineers in determining more equitably 
the benefits accruing from drainage. Therefore, it may be necessary for 
the monetary assessments calculated by the equation method to be adjusted 
by the drainage district authorities, so as to compensate for extenuating 
circumstances not considered by the equation. 
It can be concluded from this study that three physical features 
significantly affect drainage benefits: 
1. The distance from the tract of land to the main drain 
2. The distance from the tract of land to the main outlet 
3. The permeability of the soil on the tract of land. 
The equation method offers a procedure and a computer program to 
equitably distribute drainage assessments, with a savings in labor and time 
in the preparation of the assessment roll. The results of the study have 
been discussed with attorneys and consulting engineers who serve drainage 
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d i s t r i c t s .  Both groups were r e c e p t i v e  t o  t e s t i n g  t h e  equa t ion  a s  soon a s  
app rop r i a t e  p r o j e c t s  a r e  a v a i l a b l e .  A t  t h e  p re sen t  time t h e  equa t ion  i s  
l i m i t e d  t o  t h e  a r e a  which suppl ied  t h e  d a t a  f o r  t h e  c o e f f i c i e n t s .  However, 
t h e  procedure developed may be used t o  c a l c u l a t e  c o e f f i c i e n t s  f o r  o t h e r  
a r e a s  and work w i l l  cont inue t o  assemble d a t a  from o t h e r  s o i l  and morpho- 
l o g i c a l  a r e a s  so  t h a t  app rop r i a t e  c o e f f i c i e n t s  can be determined. 
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